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Abstract
Integrated ring resonators and Mach-Zehnder interferometers are sensing schemes utilizing the interaction of the evanescent field 
with liquid or gaseous substances surrounding the sensor. Using different simulation software programs, waveguide properties 
such as single-mode behavior and mode profile are investigated and different loss mechanisms and their impact on the sensor 
design are discussed.  
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1. Introduction
Integrated optical evanescent field sensors have become important devices over the last decades as they allow the 
direct detection of biomolecular or chemical interactions. These sensing devices are based on waveguides where part 
of the light field penetrates into the surrounding medium as evanescent field and thus can interact with the adjacent 
environment. As a result, the guided wave within the waveguide can experience a change in amplitude and/or phase. 
As photodetectors are only capable of measuring intensities, a change in phase has to be converted into a change in 
intensity, e.g. by means of an interferometric approach. To promote the interaction with the surrounding, the 
waveguide is changed in the so called sensing region, either by removing the cladding layer or its modification or 
substitution by selective receptor films. The penetration depth of the evanescent field and the dimensions of the 
sensing region determine the performance of the sensor and are subject to system design. For sensing applications 
two main specifications must be met: single-mode behavior of the waveguides and high sensitivity [1].
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Most integrated optical waveguide sensors are based on inorganic material systems. The well-established 
semiconductor fabrication processes allow for high quality and reproducibility, small footprints and use of thin 
layers. However, cost-effective mass production is prevented by use of expensive base materials and clean room 
requirements. In contrast, polymers enable the use of production technologies such as injection molding, hot 
embossing, spin coating or inkjet printing. Examples are polymer-based solar cells [2], microarrays with high aspect 
ratio [3], a spin-coated polymer-based MZI on etched SiO2 substrates [4] and all-polymer slab waveguides with 
integrated grating couplers fabricated in an industrial roll-to-roll process [5]. Foil-based waveguides produced in a 
roll-to-roll process are of particular interest both in terms of practical use and in terms of ultimately cost-effective 
manufacturability. However, the transition to a real mass production of all-polymer systems involves some 
restrictions in the waveguide design even though polymers can be adapted to some extent in terms of refractive 
index and viscosity.
Two different sensing configurations are discussed: the Mach-Zehnder interferometer (MZI) [6,7] and microring 
resonators (MRR). The interaction of evanescent field and analyte leads to a change in interference pattern for 
Mach-Zehnder interferometers or a shift of resonance wavelength for ring resonators. Prior to design of the two 
sensors the properties of the underlying waveguides are considered in terms of single-mode behavior, losses and 
sensitivity. Inverted rib waveguides are well suited for mass production [4] as the waveguide grooves can be 
fabricated by hot embossing into polymer foil and the core layer can subsequently be fabricated by e.g. dispensing 
liquid polymer that is cured. This production approach has been demonstrated for slab waveguides in combination
with coupling gratings [5] and is considered as one fabrication method in this study. Additionally, the single-mode 
behavior of ridge waveguides is investigated since lithographic or laser based techniques are suitable for mass 
production.
2. Sensing schemes
Fig. 1. (a) Schematic of a Mach-Zehnder interferometer and (b) a ring resonator.
In an integrated MZI (Fig. 1 (a)) a waveguide is split into the sensing arm and the reference arm which are 
recombined again after a specific distance. This leads to interference of the two waves with the output intensity ܫ்:
ܫ் = ܫௌ + ܫோ + 2ඥܫௌܫோ cosοȰ. (1)
ܫௌ and ܫோ are the respective intensities in the sensing and the reference arm, ȟȰ is their phase difference and can be 
calculated using the relationship:
ȟȰ = ଶగ
ఒ
ȟ eܰffܮ. (2)
The interaction length ܮ and the induced difference in the effective refractive index ȟ eܰff determine the phase 
shift and thus the interference signal ܫ் . eܰff is a function of the refractive indices of the substrate, the core and the 
(a) (b)
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cladding of the waveguide as well as of the geometrical dimensions. A change in eܰff can be induced by changing 
the cap refractive index, which might be the refractive index of the analyte, by ȟ݊c.
The second sensing approach uses a micro ring resonator (Fig. 1 (b)). This device consists of a straight 
waveguide and a ring or racetrack waveguide in its close vicinity. Due to evanescent coupling, a part of the 
incoming light field couples into the ring waveguide. After each full round trip, the light can couple back into the 
straight waveguide where it interferes with the original light field. This effect leads to a dip in the transmission 
spectrum. Each dip is called a resonance of the ring occurring when the condition
݉ߣ = eܰffܮோ (3)
is fulfilled. ݉ is the resonance order, ߣ the wavelength and ܮோ the circumference of the micro ring or racetrack. It 
can be seen, that a change in eܰff, e.g. caused by the adsorption of analytes on the surface of the micro ring, alters
the condition of resonance leading to a shift of the resonance. The detections limit of the sensing device is 
proportional to (ܳܵ)ିଵ, where ܳ is the quality factor of the micro ring resonator and ܵ the sensitivity, that depends, 
amongst others, on the penetration depth of the evanescent field into the surrounding medium and the induced 
change in refractive index.
3. Simulations on single mode behavior
Since both sensing structures are based on interferometric effects, it is important to use singlemode waveguides 
to guarantee unambiguous measurements. Two different waveguide types are chosen for the simulations and the 
upcoming experimental work: An inverse rib waveguide and a ridge waveguide as shown in Fig. 2 (a) and (b). The 
slab waveguide of Fig. 2 (c) is considered for reasons of straight forward calculations in section 5. To estimate the 
ideal geometry of the waveguides as well as the refractive indices of the lower cladding ݊௦, of the waveguide core 
݊௚ and the upper cladding ݊௖ different simulation programs were applied and compared.
3.1. Singlemode behavior of inverted rib waveguides
The waveguide geometry of the inverted rib waveguide is shown in Fig. 2 (a). ܪ is the total height of the core 
layer, ݓ is the rib width and ݀ is the etch depth into the substrate. For the calculations refractive index values of off-
the-shelf materials were used as given in Table 1.
Table 1: Materials of the simulated waveguide.
Substrate (lower cladding) Polymethyl methacrylate (PMMA) ݊௦ 1.488
Core NIL 6000E (micro resist technology, Germany) ݊௚ 1.594
Cladding Ormoclad (micro resist technology, Germany) ݊௖ 1.537
The semi-analytic singlemode criterion [7] at a vacuum wavelength of 658 nm was used to determine the 
appropriate dimensions of a rib waveguide to guarantee single-mode behavior using a Mathematica® script; the 
results are depicted in Fig. 3 (a). The following discussion concentrates on the topmost green curve as an example 
(a) (b) (c)
Fig. 2. Scratch of the geometries of (a) an inverse rib waveguide for the Mach-Zehnder interferometer, (b) a ridge waveguide for the ring 
resonator structure and (c) a slab waveguide.
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where the overall waveguide height is ܪ = 5 Ɋ. All pairs of rib width ݓ and etch depth ݀ below the curve lead to 
singlemode guidance. Point (1) in the diagram indicates that case. The corresponding mode field in Fig. 3 (b) shows
that the first order mode is not confined laterally, i.e. only the fundamental mode is guided. In the area above the 
green curve, points (3) and (4), the first order mode is confined laterally leading to a multimode behavior. Point (2) 
is located in the transition region between singlemode and multimode behavior. The curves derived with the semi-
analytic criterion fit well to the corresponding mode fields calculated with FIMMWAVE Photon Design® shown in
Fig. 3 (b).
(4) ݓ = 20 Ɋ               (3) ݓ = 15 Ɋ
(2)  ݓ = 13 Ɋ               (1) ݓ = 10 Ɋ
Fig. 3. (a) Curves to determine values of ݓ and ݀ for singlemode behavior of an inverted rib waveguide. Selected points correspond to the 
topmost green curve and indicate different behavior as discussed in the text. (b) Mode profiles of the first order mode at the corresponding data 
points for ܪ = 5 μm and ݀ = 500 nm.
3.2. Singlemode behavior of ridge waveguides
For the ridge waveguide, FIMMWAVE Photon Design®, a fully vectorial mode solver tool and the RF module
from COMSOL Multiphysics® that uses the finite element method, were used. For these simulations refractive 
indices for waveguide and lower cladding material were chosen from typical values for polymers [1]. Two different 
refractive indices for the waveguide (݊௚ଵ = 1.55 and ݊௚ଶ = 1.6) were selected to incorporate the influence of the 
refractive index contrast between both regions. The refractive index of the lower cladding was kept at ݊௦ = 1.5. The 
upper cladding was chosen to be air (refractive index ݊௖ ൎ 1), as the sensing structures will be exposed to the 
surrounding medium in the final application which might be a gas. The wavelength for the simulations concerning 
the ring resonators and ridge waveguides was chosen to be 850 nm. Both programs derive the effective refractive 
index eܰff for each guided mode. The structure is able to guide a mode if eܰff of this mode is larger than the 
refractive index of the lower cladding ݊௦. The condition for single mode behavior is that only the two fundamental 
modes, the TM- and TE-mode, meet this criterion. Fig. 4 shows results of the simulations done with FIMMWAVE 
Photon Design®. The graphs depict the derived eܰff of the fundamental mode as a function of waveguide width w
and waveguide height ݄. As no guided modes can occur below a refractive index of ݊௦ = 1.5, all solutions smaller 
than this were fixed to 1.5. The blue bars represent the single mode and the red ones the multimode region.
The simulations show that smaller refractive index contrasts ȟ݊ = ݊௚ െ ݊௦ allow larger waveguide dimensions
without violating the single mode criterion. For the selected refractive index values the width w and the height ݄ of 
the waveguide can be selected between 1.6 μm and 1.2 μm depending on the refractive index contrast ȟ݊. The 
results achieved with COMSOL Multiphysics® are not shown as they are nearly identical to Fig. 4. The difference 
between the effective refractive indices derived with the two software programs is in the range of 6 x 10-4 to 6 x 10-5
which is within the evaluation errors. This consistency verifies the suitability of these tools for the determination of 
the waveguide geometry for tailored polymers. The upcoming research will focus on the experimental verification of 
these results using off-the-shelf and PlanOS materials.
(a) (b)
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Fig. 4. Simulation results calculated with FIMMWAVE Photon Design®. The refractive index of the substrate is ݊௦ = 1.5, the upper cladding 
has the refractive index of ݊௖ = 1, the indices of the waveguides are (a) ݊௚ଵ = 1.55 and (b) ݊௚ଶ = 1.6.
4. Waveguide loss simulations 
In integrated optics curved waveguides are necessary for example to introduce a lateral displacement without 
change of direction, to realize a ring and for splitting and recombining the waveguides. Additionally, optical losses 
in straight waveguides are induced by scattering and absorption. Scattering has several causes: Extrinsic scattering 
due to surface roughness, surface contamination or remaining monomers; intrinsic scattering as a result of density 
fluctuations in the material and stress-induced scattering losses. Most of these loss mechanisms can be minimized by 
carefully processing the polymer; their fraction of the overall losses can therefore be neglected. Polymers can be 
highly transparent with absorption loss values below 0.1 dBcm-1 in the datacom wavelength region [8] that contains 
WKH FKRVHQZDYHOHQJWK RI Ȝ = 850 nm. As only low absorptive off-the-shelf or tailored PlanOS polymers will be 
used for the following research, these losses will also not be the restricting loss mechanism. 
As the polymer waveguides will be fabricated with cost-effective mass production technologies higher surface 
roughnesses can be expected compared to structures fabricated in a clean room environment. Therefore, it is 
important to estimate the influence of the surface roughness on the waveguide losses to derive suitable waveguide 
designs and fabrication methods. The second important loss mechanism is due to waveguide bending. To ensure 
minimum footprints of the integrated sensors the minimum bend radii leading to acceptable losses have to be 
determined. The simulation results on bending losses are presented in section 4.2.
4.1. Surface roughness
A considerable part of the fundamental modes in singlemode waveguides is guided near the waveguide surface;
therefore losses are strongly influenced by surface roughness. The corresponding surface scattering losses are 
proportional to the root mean square surface roughness ߪଶ, the square of the index contrast ߂݊ of core and cladding, 
and the field intensity at the surface as well as inversely proportional to 4th power of the wavelength [9]. The 
dependence between attenuation of the guided light and the roughness of the sidewalls of a straight waveguide is 
shown in Fig. 5 (a). These results were carried out with the simulation tool BeamPROPTM that is used in the RSoft 
CAD EnvironmentTM. The program uses the beam propagation method, that is well suited for simulations of long 
waveguides. The simulation was performed with a set of values we derived from previous simulation results for the
required geometry for a singlemode waveguide (Fig. 4). The height of the waveguide was chosen to be h = 1.5 μm, 
the width w = 1.5 μm and the simulated length of the guide is l = 100 μm which is long compared to the considered 
wavelength. The refractive indices were chosen to be ݊௚ଵ = 1.55 and ݊௚ଶ = 1.6 for the waveguides, ݊௦ = 1.5 for 
the substrate and ݊௖ = 1 (air) for the upper cladding. The simulations show a strong dependence between the 
propagation losses and the roughness ı of the waveguide surface. As expected, the losses increase with increasing 
roughness. Higher refractive index contrasts lead to higher losses, as well. The scattering loss is far above the 
(a) (b)
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absorption losses, as mentioned before and is also high in comparison to former published work on polymer 
waveguides [10]. This high level is due to the far smaller wavelength as the losses are inversely proportional to 4O .
However, the simulations provide a good upper limit estimate for scattering losses. The real waveguide should have 
considerably smaller losses as the upper cladding will always have a refractive index above 1, especially for 
measurements in liquids. Furthermore, the surface roughness typically is not identical for the upper surface and the 
sidewalls. Several fabrication techniques lead to far lower roughness on top of the waveguide.
Within the framework of PlanOS, first singlemode waveguide samples were produced with a roughness in the 
range of V = 0.001 μm to V= 0.1 μm. It is important to mention, that these values strongly depend on the production 
technique. For producing single mode waveguides the corresponding sub-projects of PlanOS use different methods 
such as hot embossing, direct laser writing, 2PP (two photon polymerization) and MPP (microscope projection 
photolithography). Up to now, lowest surface roughness could be achieved with the hot embossing technique, where 
the stamp roughness gives the major limitation. 
4.2. Losses in bent waveguides
In the ring of a ring resonator, additionally to scattering losses, bend losses occur, depending on the radius of 
curvature. To estimate the bend losses, simulations were performed with FIMMWAVE Photon Design®. In Fig. 5
(b) and (c) the results for two different waveguide geometries are plotted; (b) shows the results for a cross sectional 
waveguide of 1.2 μm and (b) for a waveguide with a height of 1.2 μm and a width of 1.4 μm. The results for two 
different refractive indices of the waveguide of ݊௚ଵ = 1.6 (black dots) and ݊௚ଶ = 1.55 (red dots) are shown. The 
refractive index of the upper cladding ݊௖ and the substrate ݊௦ for both waveguides are ݊௖ = 1 and ݊௦ = 1.5 ,
respectively.
With decreasing radius of the bent waveguide the modal profile shifts to the outer sidewall which increases the 
influence of the cladding refractive index on eܰff. Two typical field distributions are shown in the insets within Fig. 
5 (b) and (c), each taken for a radius of ݎ =  200 Ɋ. As expected, smaller radii cause higher losses; smaller index 
contrasts lead to higher losses, as well. The simulations on waveguide losses give a good idea of the order of 
magnitude of the major involved loss mechanisms for the particular waveguide structures. Moreover, they give 
qualitative information of the dependency on material and fabrication parameters. The preparation of a compromise 
between fabrication needs and waveguide properties will be a major part of the upcoming work.
Fig. 5. (a) Surface scattering loss simulation results for a ridge waveguide. The refractive indices are, ݊௦ = 1.5 for the substrate and ݊௖ = 1 for 
the upper cladding. The simulated length of the guide is ݈ =  100 Ɋm. (b)-(c) Bend losses simulation results for a circular curved ridge 
waveguide.
4.3. S-bend path design and losses
In an integrated MZI Y-branches are necessary to first split the waveguide into the reference and the sensing arm 
and then to recombine them again. A Y-branch consists of two S-bends whose geometry is shown in Fig. 6 (a). Each 
S-bend will cause losses: transition losses at the entrance and exit of the bend and pure bending losses [11]. Thus, it
(a) (b) (c)
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is of great importance to design this S-bend section with the lowest pure bending losses. As can be expected, the 
length ܮ, the offset ݄, refractive indices and waveguide cross-section determine the bending losses.
Many authors have proposed the S-bend path design expressions and also calculated the corresponding radiation 
losses in the S-bend [11–14]. Kumar et al. [15] report about three approaches for the design of S-bends that are 
based on a sine curve, a cosine curve and a polynomial curve. Here, we compare the bending losses of a cosine S-
bend ݔ(ݖ) = ݄/2 (1െ cos ߨ ݖ/ܮ ) and a sine S-bend ݔ(ݖ) = ݄(ݖ/ܮ െ 1/2ߨ  sin 2ߨ ݖ/ܮ ) calculated with 
FIMMPROP Photon Design® for an inverted rib waveguide with the material properties from Table 1 at a
wavelength of 658 nm and the dimensions: ܪ = 500  , ݓ = 1 Ɋ and ݀ = 100  . The transmission as a 
function of the longitudinal offset ܮ and the lateral offsets ݄ =  25 Ɋ and ݄ =  50 Ɋ is shown in Fig. 6 (b). 
From the curves it can be deduced that the sine path has higher losses than the cosine path which coincides with 
Kumar’s results [15]. To obtain a transmission over 90% in the S-bend the length of the S-bend waveguide should 
be above 1000 μm for both offset values. 
Fig. 6. (a) S-bend structure which connects two straight waveguides. ݄ is the lateral offset and ܮ is the longitudinal offset. (b) Transmission as 
a function of longitudinal offset ܮ for S-bend based on a cosine and sine path design, for variable lateral offset ݄ = 25 Ɋ and ݄ =  50 Ɋ,
respectively.
5. Sensitivity
5.1. Sensitivity of Mach-Zehnder interferometers
The sensitivity [16] that can be reached in a MZI with a certain waveguide configuration influences the amount of 
induced phase shift and determines the accuracy of the sensor. If the cap thickness is larger than the penetration 
depth of the evanescent field (homogeneous sensing) the sensitivity can be expressed as
ܵ = ߲ eܰff
߲݊௖
ൎ
ȟ eܰff
ȟ݊௖
. (4)
Then the phase change given by Eq. 2 is
ȟȰ = ൬2ߨ
ߣ
൰ Sȟ݊௖ܮ (5)
and is thus proportional to ܵ, ȟ݊௖ and ܮ in inverse proportional to the wavelength. Fig. 7 shows sensitivity values 
encoded in colors for (a) a substrate refractive index of 1.488 (PMMA) and (b) 1.4 derived numerically using a 
Mathematica® script. Assumed is a slab waveguide (TE polarization, ߣ = 658 nm) with a cap refractive index of 
1.33 representing an aqueous solution serving as the cap layer in a homogeneous sensing configuration. The 
refractive index of the core layer (1.5 to 2) as well as its thickness (10 to 1000 nm) are variables, ȟ݊௖ is chosen to be 
10-5. The simulation shows that for both cases the maximum sensitivity can be reached for ݊௚ = 2 . The 
corresponding layer thicknesses are 71 nm and 50 nm, respectively, leading to sensitivities of 0.18 and 0.28.
Waveguide sensors using silicon nitride with ݊௚ in the range of 2 as the core material are based on this fact [1].
However, in the case of an all polymeric system the choice of parameters is restricted. In general, the refractive 
(a) (b)
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indices of polymers are limited to a range between 1.4 (for example silanes, siloxanes, fluorinated polymers) and 
1.65 (for example polyimides, polysulfones) and also the producible and reproducible core thickness depends
strongly on the production technology. Bruck et al. [5] report the dispense of a PVC based polymer as the core layer 
of a slab waveguide in a roll-to-roll process with a thickness of 2 μm. They achieved propagation losses smaller than 
1 dB/cm. If spin coating can be applied, smaller layer thicknesses can be achieved [4], but then the suitability for a 
roll-to-roll mass production is not given anymore. For the following considerations a minimum core layer thickness 
of 500 nm is assumed. In this case the maximum achievable sensitivity is ܵ = 0.054 for ݊௦ = 1.4 and ݊௚ = 1.469.
For ݊௦ = 1.488 a value of ݊௚ = 1.583 is derived. It can be seen that the core layer thickness should be reduced as 
far as possible to increase the sensitivity.
Fig. 7. Sensitivity as a function of the refractive index ݊௚ and the core layer thickness ݐ at 658 nm and ݊௖ = 1.33, TE polarization. (a) ݊௦ =
1.488, (b) ݊௦ = 1.4. (c) Sensitivity as function of core layer thickness ݐ for the best value of ݊௚ and ݊௦ = 1.488. (d) Shown is the sensitivity as 
function of ng and t. The white pixels indicate the maximum sensitivity value at the specific core layer thickness.
Increasing the core refractive index towards a value of 2 in this core thickness region does not increase the 
sensitivity. Fig. 8 (a) shows how the refractive index ݊௚ for best sensitivity varies with the substrate (or lower 
cladding) index for a core layer thickness of 500 nm. Fig. 8 (b) shows the corresponding sensitivity values that
decrease for increasing refractive index of the substrate. 
To summarize: It is not necessary to aim for the highest possible core index if the core layer thickness cannot be 
reduced to values below 200 nm. The strategy in designing a mass-producible all-polymeric evanescent field sensor 
is to first reduce the substrate refractive index as much as possible, then to find the minimum layer thickness that
can be realized using mass production technology and then find the corresponding core refractive index to get the 
best sensitivity. The core refractive index will be in a range between 1.4 and 1.6. A polymer system with a minimum 
core layer thickness of ݐ = 500  and a minimum substrate index ݊௦ = 1.4 leads to a best suited ݊௚ = 1.469
leading to a sensitivity ܵ = 0.054, which is only 20% of the sensitivity of a corresponding system with ݊௚ = 2 and 
a core layer thickness of ݐ = 51  as mentioned before.
(a)
(b)
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Fig. 8. (a) Refractive index of the core ݊௚ for maximum sensitivity shown for different substrate refractive indices, (b) corresponding maximum 
sensitivity for a core layer thickness of 500 nm as a function of the substrate refractive index.
5.2. Sensitivity of ring resonators
A change of the refractive index ݊௖ in the evanescent field of the sensor caused by adsorbed molecules on the 
surface induces a change of the effective index eܰff of the guided mode. This leads to a shift of the resonance peak in 
the transmission spectrum. The sensitivity S of a ring resonator sensor is given by:
ܵ = ߣ
݊௚
߲ eܰff
߲݊௖
       with         ݊௚ = eܰff െ ߲ eܰff߲ߣ (6)
݊௚ being the group refractive index [17]. To find the ideal geometry for a single mode waveguide with the highest 
possible sensitivity, simulations with the program COMSOL Multiphysics® using the RF module were done. It can 
be seen from the simulations, that the sensitivity strongly depends on the waveguide parameters as shown in Fig. 9.
As expected, higher values are reached for small waveguides as their portion of the evanescent field is higher; a
higher refractive index contrast leads to higher sensitivity as well. The sensitivity increases to smaller waveguide 
dimensions as long as the effective refractive index keeps bigger than the index of the lower cladding. After this cut 
off, the mode is no longer guided. Therefore, for optimum sensitivity, a ring resonator waveguide should have 
dimensions close to the cut off condition.
Fig. 9. Sensitivity of a ring resonator sensor of a ridge waveguide simulated with COMSOL Multiphysics®. The refractive indices are ݊௚ଵ =
1.55 (a) and ݊௚ଶ = 1.6 (b) for the core, ݊௦ = 1.5 for the substrate and ݊௖ = 1 for the upper cladding.
(b)
(a) (b)
(a)
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6. Conclusion
On the way towards integrated sensing elements in polymer foils, simulations have been performed to find 
optimum material and geometric parameters for the sensors. Using different simulation tools and a set of 
waveguides types and material parameters, singlemode operation was studied. It can be realized for a variety of 
parameter sets that enable subsequent optimization with respect to other properties like sensitivity or minimizing 
losses. Comparison between the results of different simulation techniques showed only marginal discrepancies, 
confirming the results. 
Simulations on losses showed a strong influence of surface roughness scattering that was already expected to be 
the major loss mechanism in polymer waveguides at the desired wavelengths. However, the simulations proved, that 
producing singlemode waveguides is already feasible with some techniques developed by PlanOS partners and may 
be achievable with other techniques. A second important loss phenomenon is caused by waveguide bends. 
Simulations on radii and S-bends give a good idea of the loss behavior. 
The last major topic was the estimation of the sensitivity of the integrated sensors. It was shown, that optimum 
sensitivity is reached in a region, close to the cut-off of the fundamental mode of the waveguide. This is due to the 
fact, that the evanescent component is maximum for this case.
The strategy in designing a mass-producible all-polymeric evanescent field MZI based on inverted rib 
waveguides is to first reduce the substrate refractive index as much as possible, then to find the minimum layer 
thickness that can be realized using mass production technology and then find the corresponding core refractive 
index to get the best sensitivity. As the core layer thickness of mass produced sensor systems cannot be reduced 
arbitrarily, core layer thicknesses will be in the range of 1 to 2 μm. In this case the refractive index of the core layer 
for best sensitivity will be between 1.52 and 1.58 that is well suited for polymer materials. The relationship between 
substrate and core index for maximum sensitivity is nearly linear. The advantage of a rib waveguide for polymer 
sensors is that even for high core layer thicknesses a configuration of waveguide width and etch depth where the 
higher order modes are leaky leading to a single mode behavior can be found.
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